Introduction
The regulation of the Colorado River by Glen Canyon Dam, which began in 1963, resulted in a significant change in the physical and biological environments of the Colorado River downstream from the dam in northern Arizona ( fig. 1) . Flow regulation by the dam reduced annual peak flows, raised minimum flows, and increased daily fluctuations in flows according to hydropower demand (Topping and others, 2003) . As a result of the construction and operation of the dam, sandbars and other fine-grained deposits have been eroded (Topping and others, 2000; Wright and others, 2005) . Additionally, the presence of the dam has led to a change in the water temperature below the dam ( fig. 2 ). Before flow regulation by the dam, the temperature of the river at Lees Ferry, located approximately 25 km downstream, fluctuated from near freezing in the winter to nearly 30ºC in the summer. During and after the filling of Lake Powell, which occurred in June 1980, the temperature range and average temperature of the river have both decreased, because the penstock intakes withdraw water from approximately 70 m below the full-conservation pool elevation of 1,128 m. The water withdrawn from the penstocks and released below the dam is significantly cooler during most of the year than the water at the surface of Lake Powell.
In concert with these changes to the downstream physical environment, Glen Canyon Dam has affected the aquatic and terrestrial ecosystems, including the aquatic food base (Kennedy and Gloss, 2005) , fish community (Gloss and Coggins, 2005) , and terrestrial vegetation (Ralston, 2005) . Also, cultural and recreational resources within Grand Canyon have been affected Kaplinski and others, 2005) . Recognition of these changes contributed to the initiation of the Glen Canyon Environmental Studies (GCES) program in 1982, followed by establishment of the 
Purpose and Scope
One of the primary responsibilities of the Bureau of Reclamation's Glen Canyon Environmental Studies program and subsequently the U.S. Geological Survey's Grand Canyon Monitoring and Research Center (GCMRC), which succeeded the GCES in 1996, has been to document changes in the Colorado River resulting from the construction and operation of Glen Canyon Dam. The GCES program began collecting temperature data for the Colorado River below Glen Canyon Dam in 1988 and temperature data continues to be collected by the GCMRC. This temperature data assist modelers in predicting the effect of dam operations on downstream water temperature. The water temperature of the Colorado River in Grand Canyon is an important physical property of the aquatic ecosystem in Grand Canyon affecting fish metabolism, fish reproduction, and the aquatic food base, which are key factors in determining fish health.
This report references locations on the Colorado River in river miles (RM) downstream from Lees Ferry (RM 0). The river mile is a commonly used unit with considerable historical precedent for describing locations on the Colorado River downstream of Glen Canyon Dam ( fig. 1 ).
The purpose of this report is to present water-temperature data collected by the GCES and the GCMRC at 14 sites along the mainstem of the Colorado River, as well as in 8 tributaries of the Colorado River between Glen Canyon Dam (RM -15) and Spencer Canyon (RM 246) from 1988 to 2005 ( fig. 1 ; tables 1 and 2). This report summarizes the methods of data collection, processing and editing, and presents time-series plots and summary statistics of the data.
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Methods

Instrumentation and Operation
Four types of temperature instruments were used to record water temperature at the 22 sites during the period of this report, 1988 to 2005. All four types of instruments used thermistors to measure temperature and had logging and storage capability within the instrument, storing each temperature reading with a date and time stamp. Two of the temperature instruments were manufactured by Onset Computer Corporation-the StowAway XTI32 logger and the HOBO H20 Water Temp Pro logger. The other types of instruments were multiparameter datasondes that record and log temperature in addition to other water-quality parameters-the Yellow Springs Instruments (YSI) 6920 datasonde and the Hydrolab Recorder datasonde. Tables 1 and 2 show the instrument types used at all the sites. Table 3 presents the temperature range, accuracy, and resolution of each of the instrument types.
Sixty-seven percent of the temperature instruments used to collect data in this report were tested for accuracy and potential drift (of particular interest for the older StowAway model instruments) in a room temperature circulating water bath. Temperature readings were recorded in the water bath every 5 minutes for several hours in a series of trials conducted in 2005. These readings were compared to simultaneous temperature measurements taken from a reference ColeParmer Digi-Sense model 93210-50 logger equipped with a YSI 401 probe with a combined accuracy of ±0.13ºC in the temperature range tested. A National Institute of Standards and Technology (NIST) traceable calibration certificate for the reference logger and probe combination showed temperature readings within the stated accuracy. All of the tested instruments had an average temperature difference from the Digi-Sense logger that was within the reported accuracy specifications presented in table 3. The average difference between readings from the temperature instruments and the Digi-Sense logger was 0.083ºC.
Deployment of Temperature Instruments
Deployment of temperature instruments depended on site conditions. All but two temperature instruments were deployed directly in the river from coated steel cable attached to rocks or vegetation on the riverbank. The two exceptions were at site CRLF (see tables 1 and 2 for explanation of site identifiers), where the temperature instrument was deployed from coated steel cable attached to a buoy located in the river channel, and at site CRBD, where the temperature instrument was deployed inside of a perforated PVC pipe running alongside a cement wall on the riverbank. At sites where StowAway and HOBO instruments were deployed, the cable was weighted with a piece of metal pipe to ensure that the logger remained fairly stationary in the water. The StowAway instruments were deployed inside of a waterproof plastic case. To allow for quicker temperature equilibration, these instruments used external thermistors that were glued to the inside of the waterproof cases. The StowAway instruments were further protected and shaded from direct sunlight by placing the plastic case inside of the open-ended metal-pipe anchor attached at the end of the cable ( fig. 3 ). The HOBO loggers, which are waterproof and neutrally buoyant, were attached to the cable just above the metal-pipe anchor to help avoid burial of these instruments by sediment. The YSIs (multiparameter instruments) at sites CR030 and CR149 were deployed inside of a flexible perforated plastic sleeve to reduce damage from abrasion ( fig. 4) .
Whenever possible, the instruments were deployed suspended in the water column to reduce the likelihood of burial by sediment. At the mainstem Colorado River sites the instruments were usually suspended within 2 m of the water surface at any given discharge; however, at some of the stations where the channel bottom was shallow or sloped, it was necessary for the instruments to be placed on the river bottom. At the majority of the tributary sites, the shallow water depth and bank configuration made it necessary to have the instruments deployed on the channel bottom.
Cross-Section Measurements
The temperature instruments located along the bank of the Colorado River were typically placed in regions of fast flowing water, as opposed to slower moving water often characteristic along the channel margins. This approach was expected to result in water temperatures more representative of the entire cross section of the Colorado River. To test this hypothesis, three mainstem Colorado River sites (CR030, CR061, and CR226) were chosen to make cross-section measurements for comparisons (Wagner and others, 2006) . In January 2005, at each site, temperature readings were taken at five locations across the river channel. At sites CR030 and CR061, temperature readings were taken from a boat held stationary in the river channel. At site CR226, measurements were taken from a cable car suspended over the river channel. At each of the five locations in the channel, a weighted YSI instrument was lowered to record temperature readings from just below the water surface to the channel bottom at approximately 1-m depth intervals. A separate YSI instrument was used to record temperature readings simultaneously at the near-bank deployment site to detect any change in river temperature during the cross-section measurements. Additionally, after the cross-section measurements were taken, the near-bank logger and the instrument used for the cross-section measurements recorded simultaneous temperature readings at the near-bank deployment site to check for instrument variation.
The variation in temperature readings within each cross section was 0.01 to 0.02ºC, well within the accuracy of the instruments. The maximum difference in temperature readings between the near-bank deployments and the corresponding cross-section measurements was also 0.01 to 0.02ºC. These results validate the approach of characterizing the average water temperature across the channel with a near-bank deployment, at least at these three sites under the flow conditions and time of year when the cross-section measurements were taken.
Data Retrieval and Processing
The temperature instruments were programmed to record data at specific time intervals, varying from 1 minute to 2 hours over the period of record for all sites. The time interval separating temperature readings was most frequently between 15 and 30 minutes. This logging interval was generally considered adequate in capturing water-temperature changes caused by weather events and dam operations. On a 1 to 6 month interval, the instruments were retrieved and replaced by previously programmed loggers or, less commonly, data stored in the loggers were retrieved on site after which the instruments were reprogrammed for the next data collection period. Upon its retrieval, the condition of each instrument was noted, particularly if it was buried, out of the water, or close to the water surface. Additionally, a digital handheld thermometer (with an accuracy of ±0.3ºC) was used to take a water-temperature reading at each site for later comparison with the logger readings.
Several factors were taken into consideration during data processing and editing to determine whether the temperature data accurately reflected the stream temperature. First, the condition of the instrument when it was retrieved was considered. Specifically, whether it was in the proper position in the river, out of the water, or buried in sediment in the river channel was noted, and this gave an indication of the validity of the data at the end of the deployment. The water-temperature reading taken from a handheld thermometer was compared to the temperature reading of the logger when it was retrieved. Additionally, the data were compared with duplicate data from the same site if it existed, data from adjacent sites or other tributaries, and previous years' data from the same site during the same time of year.
The most common scenarios resulting in invalid temperature readings were when the instruments were buried in sediment or exposed to the air. The data associated with both of these situations were usually significantly different than the data from a properly deployed instrument. No data shifts or corrections were applied to the water-temperature readings; the data were removed from the record if they were unclear, based on the data comparisons listed above, whether or not they accurately represented the true water temperature.
Because of the wide range in recording intervals at different sites during different time periods, hourly records were computed to provide consistency in reporting between sites and over the period of record. The reported water-temperature value for a given hour represents an average of all available readings within the 1-hour window preceding and including the time stamp. In the case when the time interval between temperature readings was 2 hours, the reported hourly averaged data has temperature readings every other hour with no temperature values reported during the intervening hours. The hourly averages are reported to the nearest 0.1°C; although, this is slightly outside the resolution of the StowAway XTI32 logger (table 3) , it is well within the resolution of the other instruments and provides consistency throughout the dataset.
Data Summary and Availability
Time-series plots of the processed hourly water-temperature records are presented in figures 5 and 6 for all sites over the period of record. The same axes were used for all mainstem Colorado River and tributary sites in order to facilitate visual comparison of the sites, as well as to emphasize the differences in the periods of record for the sites. Seasonal fluctuations in water temperature are shown on the mainstem Colorado River in figure 5 and on tributaries of the Colorado River in figure 6 . An increase in river temperature particularly at sites closer to the dam started to occur around 2003. These warmer river temperatures are coincident with lower reservoir elevations in Lake Powell.
The summary statistics presented in table 4 were computed from the hourly data for each site over the period of record, including the percent missing data, mean, median, standard deviation, maximum, and minimum temperature. The summary statistics computed for the sites are not directly comparable to each other because of the different periods of record for the sites (see tables 1 and 2, figs. 5 and 6). For example, sites R030 and R149 have data since 2002 and 2003, when the river was relatively warm, whereas most of the remaining sites have data starting in the early to mid 1990s and include years of temperature measurements when the river was much cooler. Not including the two sites with the most recent periods of record, R030 and R149, table 4 and figure 7 show a downstream increase in median water temperature of the mainstem Colorado River. With the exception of Tapeats Creek, the median temperature and the range in temperature were significantly greater in each tributary steam than in the mainstem Colorado River at the site nearest to the tributary stream (tables 2 and 4, figs. 7 and 8).
The hourly averaged water-temperature records described in this report are included as Excel files organized by site and named by site identifier (tables 1 and 2). Figure 1 . Map of the Colorado River and its tributaries between Lake Powell and Lake Mead, northern Arizona, showing watertemperature monitoring locations described in this report. 1948 1953 1958 1963 1968 1973 1978 1983 1988 1993 1998 2003 YEAR WATER TEMPERATURE (°C) Figure 2 . Daily water temperatures measured or calculated at the U.S. Geological Survey's (USGS) streamgage (station number 09380000) located at Lees Ferry, Colorado River, 1949 . All data were compiled from USGS Water-Supply Papers and Annual Water-Data Reports (U.S. Geological Survey 1949 Survey , 1950 Survey -1963 Survey , 1964 Survey -1967 Survey , 1968 Survey -1970 Survey , 1971 Survey -2005 . Daily values used for this figure consist of a mix of three types based on the data reported in the USGS publications: (1) a single daily measurement made at an unreported time (7/25/1949-9/30/1952, 10/1/1953-3/8/1977) ; (2) the average of reported daily maximum and minimum temperatures (10/1/1952-9/30/1953, 10/1/1977-9/30/1984) ; and (3) mean daily temperatures (3/9/1977-9/30/1977, 10/1/1984-9/30/2005) . 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 Colorado River near river mile 30 C Figure 5 . Time-series plots (A through N) of hourly water temperature for monitoring sites on the mainstem Colorado River. 
